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ABSTRACT 


Xt  has  bssn  found  that  the  nitroaonium  NO^  ion  absorbs 
In  the  infrared  anyirhero  between  2400  ctao**  and  2150  etna'* 

The  only  taarked  trend  is  that  salts  of  complex  fluorot^aeids 
absorb  at  hi^er  frequencies  than  salts  of  complex  chloro- 
acidso  The  factors  which  influence  the  position  of  the 
N<=-0‘^  absorption  are  discussed  a  Sone  nitroaonium  salts  are 
isomorphous  with  the  correspondingr  alk,sli«metal  salts  and 
are  hence  ft^lly  ionic 0  Thors  appears  to  be  little  correlation 
between  fully  ionic  character  in  the  lattice  and  the  position 

of  the  NO*^  absorption  o  Nitric  oxide  and  dinitrogon  tetroxide 

\ 

react  with  P  group  metal  halides  to  give  solid  adducts  0 
Infrared  spectroscopic  examination  has  ahoim  that  these 
adducts  generally  contain  nitroeonium  ions^  the  nitric  oxide 
generally  gives  a  lower  proportion  of  nitrpsonium  ion  than 
does  dinitrogen  tetroxide o  It  is  concluded  that  complex 
halo  anions  are  also  present o 

It  has  been  shown  that  hexaphenylditin  does  not  undergo 
marked  hotoro lytic  dissociation  in  nitromethano  solution » 
Triphenyltin  fluoroborate  can  be  prepared  from  solution 
in  organic  solvents  but  much  solvent  is  always  carried  down 
with  the  compoundo  Now  salts  containing  the  trlphenylmetl^l 
carbonium  ion  and  the  SiFo^'^  and  TiFg^  anions  have  been 
prepared  and  this  cation  has  been  Identified  in  the  subatanee 


Pl^C'^Bx%*’o  It  is  found  that  complex  halo  anions  eontainine 
more  than  one  different  halogen  are  not  stabilised  bsr  the 
oarbonlum  cations  <>  Organometalllc  derivatives  containing 
unsaturated  HtHangaB  appear  to  be  readily  pfotonated  in 
solution  in  acid;  the  protonated  species  are  apparently 
earbonlum  ions  stabilised  by  co-ordination  to  the  metal o 
l^satuff  cations  of  the  trlphenylmethane  d^es  are  as 
reluctant  to  form  covalent  compounds  as  the  triphenylmethyl 
group  Is  to  form  ionic  eompoxundso  Covalent  comppunds  can 
be  prepared  using  anions  derived  from  weakly  basic  acids 
such  as  HCNo  'Rie  factors  influencing  the  covalent  ionic 
equilibrium,  are  disouaeed. 


The  first  part  of  this  r sport  has  been 
tirrltten  up  in  the  same  form  as  it  will  bo  shortly 
submitted  to  the  Chemical  Society  (London)  with  a 
view  to  publication o 


The  Infrared  Spectrum  of  the  Nitrosoniuu  loaio 

The  compounda  NOCIO4  and  NOBP4  have  been  shown  to 
be  Isomorphoua  with  the  salts  NII4CIQ4  and  NH4BF4  and  to 
contain  nitrosonium,  HO  ,  ions  which  have  achieved 

X 

aphoricol  symmetry  by  rotation  o  The  evidence  for  the 

presence  of  nitrcsonium  ions  in  other  compounds  has  been 

Klinkenberg,  Beco  Tray,  Chlmo  1937 »  749  o 

2 

sunnnarised  by  Addiaon  and  Lewis  and  has  Involved  studies 
*  o  Addison  and  Lewis ,  Quarterly  Roviewe ,  1958 »  ^  s  115  o 
of  conductivity e  mesnetic  sueceptlbility ,  and  Raman 
spectra;  the  present  report  describes  th©  infrared  'spectra 
of  a  series  of  compounds  which;,  on  the  baois  of  their 
stoichiometry;-  might  be  expected  to  contain  the  nltrosbnlun 
ion.  The  froe  nitroeonlutn  ion  is  generally  considered 
to  absorb  at  about  2300  cmo  ;  this  la  to  be  compared 


2 


with  a  value  of  1700'=1900  cebo*’  when  tUa  NO'*’  ion  1« 

3 

cO'^ordinated  to  a  motal  and  of  1030<»1200  cmo  when 
3 

o  Lewis*  Irvinge  and  Wilkinson*  Jolnorgo  Nuclear 

Cfaeni..  1953*  2?  32 o 

<=  ^ 

the  N0°°  ion  is  oo^o^rdinatod  to  a  metal  <>  The  results  of  the 

4 

0  Griffith*  Lewis*  and  Wilkinson*  Jolhorgo  Nuclear  . 
1958*  2*  38o 

©£i  =2*  a*  *(fi  study  are  shown  in  Table  lo  T^iere  is  good  agreement 

between  the  present  results  and  the  Baman  spectral  measure** 

ments  which  have  been  previously  loiadQ  on  so  mo  of  these 

derivatives o  With  the  exception  of  2N0CloSnC^  NOCloSbClg  , 

and  2StfOCXoPtCl4  *  samples  of  the  adducts  between  nitroayl 

chloride  and  chlorides  tended  to  give  absorption  bands  in 

the  region  of  1800  csbo  Those  bands  were  absent  in 

freshly  prepared  samples  and  increased  in  intensity  as  the 

sample,  w^a  kepto  Xt  is  considered  that  those  bands  are  due 

to  the  presence  of  nltrosyl  chloride  formed  by  dissociation 

1  6 

of  the  complexes  “  CINO  absorbs  at  1799  cmo”  * 

s 

o  Burns,  and  Bernstein*  J*  Chomo  PhvSo»  1950*  jW*  1669  o 

but  there  is  the  possibility  of  isomeric  change  in  the 

coEEtponsBuis  so  that  ah  group  becomes  co^^ordlnated  to  the 

metal o  Xn  all  the  examples  given  in  the  table  there  was 

»>• 

a  strong  absorption  band  between  2150  and  2400  cmo  It  la 


3 


considered  that  this  band  is  characteristic  of  the  nitro» 
aonium«  NO'*’,  iono  Most  of  the  po^ks  are  sharp  oinelota 
but  some  ccmpoundo  gave  shoulders »  Xt  has  previously 
been  shomi  that  (KO)(HOa)  gives  two  Raman  peaks  at 

9 

o  Gerdlng  and  Eriks ^  Rec  o  trav o chim o „  1952. 71 »  773 o 
2277  and  2308  cno  and  the  former  peak  has  been  considered 
to  be  due  to  the  asymmetriel  stretching  vibration  of  the 
NOa  ion  which  has  been  rendei'ed  Raman  active  by  the  ion 
site  aymmetryo  In  view  of  the  analytical  figures  for  the 
compounds  studied  in  the  present  work  a  similar  explanation 
la  unlikely  to  hold  for  the  two  bands  which  are  observed 
in  the  spectra  of  some  of  the  compounds »  It  seems  more 
likely  that  the  splitting  of  the  main  band  is  due  to  the 
presence  of  more  than  one  type  of  nitrosonium  ion  in  the 
unit  cello 

Most  of  the  compounds  prepared  were  examined  by 

X<°ray  powder  photography  and  the  unit=>call  dimensions  found 

are  given  in  Table  2o  Xt  was  confirmed  that  nitrosonium 

f luoroborate 0  chlorostannate,  and  chloroplatinate  are 

isomorphous . with  their  potassium  analogues  »  the  latter  two 

7 

salts  have  been  briefly  mentioned  to  be  isomorphous  with 
7 

o  Klinkenberg,  Chemo  Veekblado  1938  u  197  o 
their  potassium  analogues  but  no  cell  dimensions  were  given 


Tabla  Iq  u 

Vibrational  Spectra  of  Compound*  eontalnlne  MO  lonae 


NOBP4 

23S7 

sharp 

. 

(N0)aGeF4 

2391 

sharp • 

shoulder 

at  2336 

(NO)aSnF0 

2342 

sharp 

NOPFfl 

2379 

sharp 

NOAeFg 

2340 

sharp 

NOSbPs 

2385 

broad, 

shoulder 

at 

2342 

NOVFc 

2391 

2333 

sharp i 

shoulder 

at 

2328 

NOUF9 

HOMoFg 

2331 

isrosos  F 

2377 

broad 

(KO)aSa07 

NOHSO4 

NOCIO4 

2278 

2340 

2313  ^'^^R 

sharp, 

.shoulder 

at 

2294 

(Nb  j  (NOa  )Sa  Oxo 

23O8R 

2277R 

NOAlClj 

2242 

2236^^^  R 

sharp, 

shoulder 

at 

2370 

(NO)aSnCla 

2191 

broad 

NOSbClg 

2189 

broad 

NoBiClg 

2331 

broad 

(NO)3TiCl4 

2165 

broad 

HOMaClg 

2271 

broad 

NOPoClfi 

2200 

shazpi. 

shoulder 

at 

2275 

HOCuClg 

2271 

broad 

NOZnClg 

2137 

broad 

NOHgCla 

22^3 

broad 

(NO)aPtClg 

2201 

sharp 

All  proaant  work  except  where  markedp 
Rp  Raoian  epectra 


all  tigiTTBm  in  on 
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(a)  Grololunan;  Smi'fthi  Trondj  and  Ogl®*  Ipoi^q,  Chem.c.^  1962^ 

6l  o 

(b)  Gexddng  and  Houtgraaf*  Reco  traVi'  ChinJoi,  1953*  2^^  21.« 

(c)  Gaa^dlne  and  Eriks,  ReCo  traVo  Chlnio ,  193?js.  7^5  773  <> 


Table  2 

*  o 

Unit  Cell  Dimenaions  in  A, 


NOBF4  orthorhombic 
XBP4  orthorhombic 


a  =  7c88,  b  =  5o72, 
a  »  7o83,  b  =  5 067, 


0=7  „40 
c  =  7»35^®^ 


NOSQ3P  orthorhombic 
XSO^F  orthorhombic 


a  =  8b59,  b  a  5*99,  c  »  7*37 
a  a  8o56,  b  «  5*95,  c  -  7o33^^' 


(N0}aSnCl4  cubic  a  =  I0e24 

KaSnClo  cubic  a  =  IO0I4'®' 


(N0)aPtCl4  cubic 
X2  PtCl^  cubic 


a  *=  11d27 
a  =»  II0I8 


(a)  ^•ckoff  ‘Crystal  Structures ' 

(b)  Sharp,  J eChemoSoc, ,  1957,  37 
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VitrosonluiD  fluorosulphat*  Is  isostruotursl  with 

potassium  fluorosulphsts*  both  compounds  belne  isomorphous  . 

* 

Vltli  potassium  iluoroboratso’  'n&e  fluoroaulphate  is  ' 
c 

o  Sharp,  Jo  Chomo  Soot,.  l?57s  37olo 
prosumabiy  undar^oinff  frso  rotation  in  the  two  salts*  The 
results  from  powder  photography  strongly  support  the 
presenoe  of  an  ionic  lattice  in  the  four  compounds  where 
lattioe  dimensions,  were  established  and,  by  comparison  of 
Infrared  spectra,  in  all  the  compounds  listed  in  Table  1 
la  eaoh.case  the  lattice  dimensions  of  tho  nitrosonium 
slats  are  slightly  greater  than  those  found  for  the  corres» 
ponding  potassium  salts;  it  has  boon  estimated  that  when 
the  nitrosonium  ion  is  in  free  rotation  and  is  acting  as  a 
sphere  that  the  effective  radius  is  1*40  A*  (of «  K  1*33  A) * 

No  nitrosonium  salt  of  a  complex  fluoro  acid  other  than  the 
fluoroborate  is  isomorphous  with  the  corresponding  potassium 
salts  Complex  halides  generally  have  structures  which 

t 

are  based  on  elose^paokihg  of  halide  ions*  The  fluoride 
loll  (r  «  lo33  a)  is  smaller  than  the  nitrosonium  ion  and  the 

Vails,  Quartsrly  Rsvisws,  1954,  330* 

formally  asymmatrioal  ion  oan  probably  not  attain  full 
sphsrieal  aymmatry*  The  chloride  ion  (r  ■  lo81  A)  is 
Xargar  and  apftoars  mbra  able  to  aooommodata  the  nitroaoniiui  ion 
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and  to  all'Otr  It  to  attain  apharical  aynmetryo  Kltroaoniun 

fluoroborate  and  fluoroaulpbato ,  trbicb  ara  laonorpboua 

alib  tha  potaaalum  aalta  do  not  have  cloaa»pack;ed  8truoturaa« 

Tha  vibrational  frequency  of  tho  nitroaonium  ions 

vary  widely  aa  has  previously  bean  noted  by  Carding  and 
xo 

Houtgraaf  who  explain  the  variation  in  terms  of  polarisation 
le 

o  Carding  and  Houtgraaf  •  RaoetravoChimo «  1953 »  72 «  21o 

of  tha  anion  by  the  cation  •*  such  polarisation  having  also 

XX  xai 

baan  postulated  by  Seel  and  by  Burg  and  McKenslo  «  Jn 

XI 

o  Seal,  ZaanorgoCbemo .  1950»  261.  75 o 

x» 

,  Burg  and  MoKenzie*  J.  Aaeg.  Cham.  Soo'o ,  1952,  2il*  31^3 
tha  present  work,  however,  it  has  been  shown  that  salts  which 
absorb  at  both  the  high  and  low  frequency  ends  of  the  range 
are  isonorphous  with  the  corresponding  potassium  salts  and 
ara  hence  unlikely  to  be  appraolabl'^  polarised,  Tha  only 
generalisation  that  it  is  possible  to  make  about  tha  trends 
in  values  of  the  NO  vibrational  stretching  frequency  is 
that  salts  of  complex  f luoro  acids  tend  to  give  the  fai.f^est 
frequanc]^  followed  by  salts  of  oxy<»scidSt>  -  followed  by  salts: 
of  complex  ehloro  acids o  There  is  a  vague  trend  in  that 
tho  aalta  containing  larger  anions  tend  to  give  lower  NO* 
vibrational  fraqunnnins  than  aalta  of  smaller  anions. 
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Xt  la  apparant  that  the  factoro  governing  the  270 

vibrational  frequency  are  coznpilex,  but  it  is  euggeoted 

that  both  interaction  batKoen  the  nitrosonium  ion  and 

the  halogens  of  the  complex  anion  and  bettireen  the  nitro°> 

aonium  Ion  and  the  central  metal  atom  of  the  anion  may  be 

of  importance  in  loi/ering  the  frequency  of  the  ] 

I 

I 

vibration 0  This  froq^oncy  is  probably  also  dependent  j 

upon  the  effect  of  the  ehar.geo  in  the  lattice  that  ^s^  ! 

upon  the  sise  of  the  ion^  Since  chlorine  atoms  ere 
more  diffuse  than  fluorine  atoms  they  might  be  expected 
to  exert  a  eraater  electronic  effect  at  tho  cation  sidse.  TherG' 
appears  to  be  no  correlation  between  the  position  of  the 
nitrosonium  ion  abeorptlon  and  the  stability  of  the  compounds 
Oomplox  anions  corresponding  to  those  required 
in  the  present  study  have  been  postulated  previously'a 
NOCiloCuCl  must  be  forsnslated  on  the  present  evidence  as 
NO  CuCla  which  would  be  expected  to  be  diamagnetic  □  Iho 
compound  is  diamagnetic  when  first  preparedt,  but  becomes 

i 

paramagnetic  on'  standing,  Xt  is  possible  that  there  is 

a  » 13 

a  change  to  a  nitroayX  coiaplex  during  this  transition  ,  , 

t  ■  .  i 

Aamussen,  Z,  anorg,_,Chem» «  1939,  12? o 


0 
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Expoarxmeiatal 

Infrared  spectra  were  awasursd  on  nulls  in 
'Pluerubs^  ersase  batvasn  oslolun  fluoride  vindoira 
It  was  found  that  any  other  mulllne  a^ent  caused  lamadiate 
dooompoeitiott  of  the  nitrocioniun  salt  as  did  the  use  of 
arindows  of  sodium  chloride  c  All  preparations  of  ntulls 
were  carried  out  in  the  ctr^'--boxo  Spectra  were  measured 
on  a  Gxnabh  Parsons  Model  DB!;  spootrophotoneter  usiniT  sodium 
chloride  optics  „  Each  spectrum  was  referenced  siealnst  a 
spectrum  of  polystyrene 

Xc^Ray  powder  photographs  were  taken  in  Lindemann 
glass  capillaries  uslngr  CuK^  radiatlonc  Photographs 
wore  roooourod  visually  but  faloulatiou  of  s±n*0  values  and 
Indexing  of  powder  lines  wore  carried  out  on  a  Ferranti 
Sirius  Computer  using  prog.*amtaea  developed  in  these 
laboratories 

Compounds  were  prepared  by  the  literature  method 
given  in  the  table o  bialys;le  for  nitrogen  was  carried  out 
by  reduction  with  O^vards”')  slloy  followed  by  distillation 
and  estimation  of  th^  ammonia  produced «,  Chlorine  was 
eatlcnoted  as  silver  chloride <> 
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Coupotuad 

Reforehce  to 
preparation 

N  oaloo 

N  found  i» 

KOBF4 

14 

12  oO 

11*6 

(N0)jiGeF« 

14 

11*4 

10.9 

(210)3  SnPa 

14 

9*6 

9*3 

NOPFf 

14 

80O 

7*8 

NOAaF« 

14 

6*4 

6.1 

NOSbF« 

14 

5*2 

5*0 

NOVP# 

15 

7*0 

6*2 

NOSO^F 

14 

10  08 

10*5 

(NO)aSaO, 

16 

lOoZ 

10*0 

N  Calco 

Cl  calc 

N  found 

01  found  i* 

to  prep, 

3 

NOAICI4 

10,  12 

7oO 

71o3 

6*7 

70*6 

(NO)aSnCl<, 

12el7 

7o2 

54  o4 

6  08 

54.0 

NOSbCl^ 

12 

3*8 

58o3 

3*7 

58.2 

NOBiClj 

18 

3o7 

37*0 

3.6 

36.2 

(NO)aTiCl<s 

17 

8o7 

66.3 

8o2 

65*4 

NOMnCl, 

17 

7o3 

55*6 

7*1 

55.0 

NOFeClj 

12 

60Z 

62.3 

6*1 

62.0 

NOOuOla 

12*13 

8o5 

43*1 

8,3 

42*6 

NOZtiCla 

13*17 

6o9 

52*7 

6*6 

52.0 

NOHgClg 

13*17 

4c2 

31*6 

3.8 

30.1 

(N0)3PtCl<, 

17 

60O 

45*5 

5*9 

45.6 

14 0  Woolfj 

J  c  Chonio  Soc  0  1) 

1950*  1053 

15  0  Sharpe 

and  Woolf*  Jo._ 

Chem.  SoCdu 

1951b  798 

1^0  HarWonea*  Price  and  Wobbp  J»  Caiaoc.  Soco»  1929b  312o 
17 o  Partinston  and  Whynnes,,  Ji>  ChaiUo  Seco«,  1948*  195^1^ 
1949 »  3135o 
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The  Intayaction  of  Nitrogen  Oi!;irtnm  und  Lawia  Aol<l»o 

The  Interactions  have  been  carried  out  both  directly  and 

by  interaction  in  a  solvent <,  m  all  oaaes  the  products  were 

examined  by  infrared  apactroscopy  and,  as  far  as  possible  by 

analysis o  This  aspect  of  the  work  is  still  under  active 

inveatieation o  The  following  systems  have  besa  investlgatsd: 

PFg/NOo  No  reaction  in  petrol  at  °°78‘*  ovine  to  insolubility 

of  nitric  oxide  in  the  solvent c  Reaction  In  a  bomb  save  a 

very  anuill  yield  of  a  white  product^  it  was  not  possible  to 

obtain  infrared  data  on  such  a  small  sample o 

PFg  /MOa  e  iJjateraction  in  a  Carlue  Tube  fives  an  Imnediate 

separation  of  oolido  The  Infrared  spectrum  shows  a  strong 

band  at  0,5^0  2^00  cmo"  indicating  tha  presence  of  an  KG'**  ion 

^  _ 

and  also  strong  bands  at  about  1020  and  1160  cmo  o  Tbmmm 
lattor  bands  were  identified  as  P<»0  freqaenoles  and  it  is 
considered  that  there  has  been  interaction  to  give  phosphate 
nc  f  luorophosphate  entities <,  A  weak  band  at  850  obo 
indicated  the  presence  of  the  FFi  iono  Zt  la  oonsidared 
that  one  product  of  this  reaction  is  NOPF^  o  Tha  compounds 
AsFb  oNOa  and  SbFc  oNOa  have  been  reported  previously  but  noth«> 
ing  ia  known  of  their  structures  <> 

Aynsleye  Peacock^  and  Robinson,  Chemo  and  Indoo 

195 1»  1117 o 


PClg/NOao  Vhit*  solid  products  Dissociates  to  PClg  plus 
NOa  at  room  tomporaturo » 

PClj/NDao  White  solid  product o  Strong  NO'*'  absorption  with 
an  additional  band  at  1860  cnso  This  compound  appoars  to 
bo  Idontieal  with  tho  PaO®NC7ia  roportsd  to  result  from  the 
POClj/NaQi  PCI3/N2O4  raactionso 

Kletnent  and  Woo  If  ^  Z  p  aaorg  o  Ch  em  o  1955 1,  -282,,  149  o 
SnCli/NO  White  product »  Weak  NO^  absorption 
SnCl|/N0a  White  product,,  Strong  NO*  absorption 
§bClg/NO  Yellow  prodijicto  Weak  NO^*  absorption 
SbClg/NOa  Yellow  product®  Throo  strong  infrared  bands  at 
2200 e  2000,  and  I850  era®  o  “Iho  latter  band  may  be  tho 
result  of  decomposition  but  the  presence  of  two  higher  bands 
suggests  that  more  than  one  cation  is  prosont® 

It  has  been  shown  that  the  interaction  between  nitrogen 
Kuhn,  2nd  International  Symposium  on  Fluorine 
Chemistry,  Estes  Park,  Colorado,  1962, 

oaddes  and  boron  trifluoride  gives  N0*BF^  as  the  major 

prodttoto  The  other  products  are  bora tea.  The  present  work 

indleatss  formation  of  aitrosonlum  ions  in  the  reactions 

bstwssn  nitrogen  oxides  end  non<*mstsl  end  metal  ehloridss 

and  fluorides  and  it  is  apparent  that  nltrosonium  salts « 

probably  of  complex  halo^^anlons ,  are  being  formsdo 
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Dlnitrosttn  tetroxld*  e^roa  htghmr  coacosstrotiono  of 
nitrosoniun  ions  iihsin  does  nitric  osldso 

Portber  otudlco  arc  tsocosoary  to  nabo  poaitive 
identification  of  the  anioan  vhioii  aro  preaeat  la  thoso  nitro« 

eoniuin  salts  o 

Oalum  Salts  containing  predominantly  organic  or  og|^ano»^ 
netalllc  cations o  ® 

(a)  Preparation  of  trlaryl  tin  compoundao 

Although  Phaft  (m  «  C,  Si,  GOf  Sn,  Pb)  derivatives  are 

hnown  for  M  *  C  (see  section  b  of  thia  report)  and  the  Pha  Si’*' 

ion  has  recently  been  prepared  in  the  salt  SbFg  thoro 

is  little  evidence  on  Fl^  Sn*  cations »  From  a  consideration 

Oo  Ao  Olah,  private  consiunloationo 

of  the  infrared  spectra  of  the  co^spounds  Mos  SiOOCI%  , 

HeaSi(O0CCBb  )a  ,  MeSt  (OOCCI%  >3  ,  S±(OOCC^,  >4  ,  Mog  SnOOCCI^s  , 

Heg  SnOOCHp  Mog  Sn  chloroacetatesp  Heg  SnOOCC^  Pq  ,  Mog  Sn  halides  ^ 

MsaSn(OOOCHIj  )a  «Me3Sn|}0CH}a  p  MegSn  halidoSp  MeSn  halides  it 

has  been  concluded  that  the  silicon  derivatives  are  covalent 

but  that  the  tin  eoapounda  contain  mathyl  tin  cations  o  The 

Ha$Sn  cation  is  considered  to  be  planar  and -the  MeaSn  cation 

Ro  Okavarsp  D«  S*  Vebsterg  and  So  Go  RochoVp 
Jo  Anegc  ChSBo  Soe».  I9<S0,  82,  328? « 
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linear o  Trinethyl  lead  carboxylatee . ara  alao  conalderad 
to  contain  planar  oationoo 

Ro  Okawara  and  Ho  Sato,  Jo  Inorg. Nuclear  Chawo. 

19^1,  16,  204 o 

The  compounds  Rg  SiCl  react  with  silver  perchlorate  to  eive 

trialkyl  and  triaryl  silicon  perchlorates  but  the  evidence 

on  bonding  in  these  compounds  is  not  complete  as,  although 

they  react  in  soXvolytic  reactions  as  if  they  were  ionic  theif' 

Infrared  spectra  are  not  definite  in  favouring  either  a 

covalent  or  an  ionic  structure «  Trimethyl  tin  fluoroborate 

UosVannagat,  Fo  Brandtnan,  ¥o  Liehr,  and  Ho 
Niederprum,  Z oanorgoChamo ,  1959,  302 «  1085 o 

haa  been  described  as  resulting  from  the  reaction  between 

tetramethyi  tin  and  boron  trifluoridoo 

Burg,  Jo  ^ero  Chegs-t.  Soco,  19'6l,  83 «  2667® 

In  the  present  work  it  was  desired  to  obtain  evidence 
on  the  dissociation  of  the  derivatives  Plis^^kPhs  (M  »  C,  Si, 

Ge,  Sn,  Fh)  o  Work  was  carried  out  on  the  atannane  derivatives 
as  these  are  the  moot  stable®  There  ia  previous  evidsnee 
for  dissociation  in  all  of  these  derivatives ,  The  hexaphenyl* 
ethanes  are  dissociated  hooolytically  in  solution  to  triaryl* 
methyl  radicals o  The  hexa  aryl  diailanea  do  not  appaar  to  be 
dissociated  in  solution  and  no  free  radicals  can  ba  detactedo 
Sidgwiek  'The  Chemical  Elements  and  thair  Compounds' 


Ac  Jo  Petro  and  Co  Po  Smyth,  J^  Amero  Chemo  Scco. 
1957,  22.^  6147. 
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It  is  postulated  that  Pb^  Si  radicals  are  present  as  reactive 
Intermediates  in  radical  Induced  reactions  of  Phs  SiHo 
Hexaphenyldig:ern!ane  ia  not  dlsoocioted  In  solution  but 
hexaphenyldltin  and  hazapbenyldipiuEiban©  appoar  from  molecular 
Jo  CJurticOf  Ho  Gilman,  and  Go  So  Hammondj, 

Jo  Amero  ChoMo  Soco.  1957 »  79*  475^  <> 
wei£:h.t  determinations  to  be  dissociated  in  eolutiono  Magnetic 
susceptibility  studios  rulo  out  th©  prosene®  of  STrs©  radicals 
and  the  only  other  possibility  Is  hoterolytic  dissociation o 
Pha  Sn  “  SaPh^  Sn^  Pbj  Sn^ 

•8* 

This  has  been  questioned  on  the  basis  that  the  Phg  Sn  cation 
vould  be  expected  to  b©  coloured  by  analogy  with  th©  colour 
of*  the  triphony Iraethyl  cation o  but.  tbi©  reasoning  is  suspect 
as  the  orbitals  which  would  b©  used  in  forming  the  Phj  Sn* 
ion  are  vozy  different  from  those  usod  in  forming  the  Pba  G 
ion  and  in  fact  tlio  PhaSi*  ion  Is  colourless  o  By  use  of  a 
Wayne»Korr Universal  Conductivity  Bridge  th©  present  work  has 
shown  that  the  heterolytic  dissociation  of  hexaphenyldltin 
in  nitrometlbiane  is  not  detectable  and  is  certainly  loss  than 
l^e  Since  the  solutions  of  hexaphenyldilead  show  changes 
in  colour  with  change  in  temperature  it  would  be  worthwhile 
to  make  similar  aeaeurements  on  such  solutions^ 

Trlphenyltin  chloride  reacts  with  silver  fluoroborate 
in  ether  or  benzene  to  give  a  preel]^itate  of  sllvez*  chloride 
and,  on  removal  of  excess  of  solvent,  a  gummy  material 
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containing;  fluoroborata  lonso  It  la  lupoaaibla  to  remove 
the  final  traces  of  solvent  from  these  materials  and  it  is 
certain  that  there  is  extensive  solvation  of  the  trlphenyl 
tin  cation  by  orgranlc  solvents o  It  is  suggested  that  such 
solvation  also  occurs  in  the  hexaphenyldltin  derivatives  «. 
for  example  by  a  charge  transfer  a  mechanism  between 
solvent  benzene  and  the  phenyl  groups o  Such  solvation  would 
explain  the  anonolous  molecular  weights  of  solutions  of  the 
hexfaoaryl  di<»tin8o  Trlphenyltin  fluoride  does  not  react 
in  a  solvent  or  under  a  pressure  of  boron  trifluorlde  to 
produce  trlphenyltin  f luoroborate »  In  other  studies  it  has 
been  shown  that  although  tetraphonyltin  and  boron  trifluorlde 
Sharp  and  Vihfieldj,  unpubi^lshed  observation 
react  to  give  phenyl  boron  dlfluoride,  the  solid  product  is 
trlphenyltin  fluoride  and  not  the  f luoroboratoa  This  lack 
of  reactivity  of  trlphenyltin  fluoride  is  attributed  to  the 
high  lattice  energy  of  this  compound. 

(b)  Carbonlum  Salts o 

The  existence  of  carbonlum  salts  is  now  well  established 
Sharp  and  Sheppard^  J<,  Chsmo  Soco„  1957  o  674  o 
and  it  has  prevloualy  been  shown  that  trlaryl  methyl  carbonlum 
ions  may  be  readily  prepared  by  the  reaction 
Ar®CCl  ♦  AgX  — AgCl  +  Ars  CX 
where  X  is  the  anion  of  a  very  strong  acldo  During  recent 
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vork  it  has  been  shown  that  silver  salts  of  dibasic  acids 
Mdss  and  Sharp,  unpublished  observations o 
are  soluble  in  organic  solvents  -  previous  work  in  this 
field  had  been  confined  to  salts  of  monoo^baslc  acids  »  and 
accordingly  it  has  been  possible  in  the  present  work  to 
prepare  triphenylmethyl  hexaf luorosillcate  and  hoxafluoro=’ 
tltanate,  both  bright  yellow  compounds  containing  the  planar 
propellar^like  triphenylmethyl  cation  o  Tripheny  line  thy  1« 

hexaf luorosillcate  is  appreciably  soluble  in  toluene  and  the 
solvent  appears  to  solvate  the  carbonium  cation o  The  older 
literature  contains  many  references  to  what  appear  to  be 
perhalldes  of  carbonium  ionso  Phg  CBr  <>  o  -  o Brs  has  now  been 
shown  to  contain  a  triphenylmethyl  cation  >=  the  colour  of  the 
Schmldlin  °Das  Triphenylmethyl* 
anion  obscures  the  characteristic  colour  of  the  cation  ■=  but 
it  is  relatively  unstable  and  tends  to  lose  bromine  under 
vacuum 0 

In  previous  work  it  has  been  shown  that  it  is  doubtful 
Kemmltt  and  Sharp,  Jo  Chemo  SoCo.in  publication 
whether  the  adducts  PhoCXoBYs  (X  and  Y  »»P,  Cl,  or  Br) 
contain  discrete  mixed  halo borate  anions  although  they 
certainly  contain  trlphenyl  methyl  cations o  Xf  the  reaction 
is  carried  out  with  excess  EY3  such  that  BY3  is  a  stronger 
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Leiris  Acid  than  BX^  (the  order  of  Lewie  Aelda  atrenirth  ia 

^  BCI3  ^  BBx^  )  there  la  conplete  dlaplacenent  of  the  aore 
weakly  aeidlo  BX^t  o  In  the  preaent  work  theae  ohaeryationa 
have  been  extended  to  the  use  of  Lewis  Acids  other  than 
boron  halides  0  Fbg  CCl  reacts  with  PP^  ,  AaFg  »  and  SbPR  to 
produce  PlhCPFat  Pla  CAaF^  ,  and  Phg  CSbFa  reapectively.  There 
is  conplete  dlsplaceaent  of  chlorine  from  the  coMpounda  and 
no  evidenoe  for  the  formation  of  mixed  halo  anions  <,  SiFe 
appears  to  be  very  weakly  acidic  and  does  not  Interact 
with  Phg  CCl  or  Pl^  in  toluene  although  triphenylnethyl*- 
hexafluorosilieate  has  been  prepared  (see  above) o 

Attempts  have  been  made  to  stabilise  earbonlun  ions . 
by  co<»ordinotion  to  transition  metal  lonso  Strong  evidenoe 
was  found  to  support  the  view  that  in  strongly  acidic  media  — 
where  carbonlum  ions  would  be  expected  to  be  formed  •>  that 
there  is  reaction o  The  products  aro  extremely  reactive  and 
will  have  to  be  examined  in  solution  by  nuclear  magnetic 
resonance  spectroscopy«  As  this  technique  was  not  available 
during  the  present  contract  it  ia  now  «  thie  could  not 
be  carried  out  and  the  present  work  was  confined  to 
qualitative  observations  of  the  type  of  reaction o 
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CoDipound 


Acidic  medium 


C^I^MoCco), 


HP  ♦  BPa 


CO 


C7l%Mo(C0)3  HP 

C4l%p0(CO)a  HP 

('TT'-CI^CaH*  )Mh(C0)3  HP  ♦  BPj  +  CO 


Pe(CO)8 


HP 


Reaction 

drives  Mo  (CO)a  plus 
partially  fluorine ted 
polymer 

red  compound  becomes 
yellow 

^ves  polymer  and 
yellow  liquids 

yellow  colour  changes 
to  dark  gfreen.  A 
yellow  compound  can 
be  Isolatedo 

yellow  changes  to  red 


It  la  appairent  that  there  la  a  very  wide  range  of 
reactions  of  this  type  which  can  bo  Inveatlgatedo  The 
reaction  detailed  above  for  the  preparation  of  molybdenum 
hexacarbonyl  from  cycloheptatrione  molybdenum  tricarbonyl 
appears  to  be  one  of  the  first  examples  of  the  formation 
of  a  true  carbonyl  under  atrongly  acidic  conditions «  All 
of  the  above  x'oactlons  are  conaiderod  to  give  compounds  in 
which  Q  proton  haa  been  added  to  the  organic  part  of  the 
molecule  to  give  what  is  effectively  a  carbonium  ion 
attached  to  the  metal « 


The  factors  which  influence  the  ionisation  in  an  Az^CX 

The  process  is 
♦ 


ArsC 


entity  are  aa  follows 
Ax^CiX 


*  X 
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and  trill  favour  the  production  of  ions  If  the  bond  is  | 

i 

vreeko  Thus  ionisation  trill  occur  more  readily  in  lodldea 
(C-I  bond  strength  66 <>5  Kocalso)  than  in  fluorides  (C=-'F 
bond  strength  107oO  KoCal8<>)o  As  is  8h~wn  in  all  of  its 
Paulixigo  'Nature  of  the  Chemical  Bond'  o 
reactions  triphenylfluoromethano  Is  much  less  reactive  than 
the  other  triphenylmethylhalidos o  The  value  of  the  bond 
Blicke,  Jo  Amer.,  Chemo  Socon  1924 o  1515 <> 

strength  will  bo  greatly  dependent  upon  the  presence  of 
electron  attracting  or  electron  repelling  groups  substituted  ’ 
into  the  aryl  rings  and  hence  the  ionic  or  covalent  nature 
of  the  At3 CX  molecule  will  depend  upon  the  substituent  in 
the  ring  systems o  The  effect  of  substituents  is  also 
allied  to  the  stability  of  the  carbonium  ion  and^  in 
generals  olectron^’reloaoing  oubstituents  tend  to  stabilise 
the  carbonium  Ion  whilst  an  eloctrono«withdrawlng  substituent 
stabilises  the  covalent  models  The  actual  atabillty  of 
the  carbonium  ion  is  composed  of  two  terms  i,  the  resonance 
energy  of  the  completely  conjugated  system  and  the  reorganlsa'^ 
tion  energy  required  to  rearrange  the  tetrahedral  Ai^  C 
entity  to  a  planar  propeller»like  forrso  The  actual  anion 
affects  the  equilibrium  through  its  basicity o  Anions 
derived  from  vexy  strong  acids  are  reluctant  to  assume  a 
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covalent  form  whilst  anlona  derived  from  aolds  of  more 
normal  strengths  are  reluctant  to  assume  an  ionic  formo 
The  final  decision  as  to  whether  a  triarylmethyl 
derivative  is  covalent  or  ionic  is  a  balance  of  all  of  these 
factors o  Thus  trlphenylchlororaethano  ia  covalent  but  on 
auccosalve  substitution  of  olectron^reloaslng  ^-^methoay 
groups  into  the  rings  the  compound  becomes  ionic  on 
aubetltution  of  the  fourth  methoxy  groupo  Tri'=p=»niothoxy*^ 
chlorome thane  is  covalent  but  If  the  basicity  of  the  anion 
Jo  Amaro  Chemo  Soce^  19 2? »  1346  o 

ia  increased  slightly  by  formation  of  the  HCla  ion  an 
ionic  derivative  results o 

Itio  present  woi’k  is  designed  to  provide  further  evidence 
Sharpo  Jo  Chemo  Soco»  1958 »  2558 
on  the  actual  factors  which  delinate  the  boundary  between 
ionic  and  covalent-  compounds o 

Til©  experiments  have  "been  carried  out  using  three 
dyestuff  cations  Malachite  greong  phonylbiS“g_'-N"dimethyl“* 
aminophonylraethyl;  Brilliant groeng  phony lbla«p“N'=’dioi!hyl 
atninophenylmethylj  Crystal  violet g  tris«»P“N“'dimethylamlno« 
phony Iraethylo  Those  dyestuffs  are  normally  obtained  in  the 
form  of  thalr  chlorides  which  are  coloured  and  contain 
carbonium  ionso  Ihe  experiments  are  designed  to  prepare 
covalent  derivatives  by  the  uae  of  anions  derived  from 
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ireakly  basic  acids  o  In  each  case  tho  compounds  prepared 
have  been  analysed  and  studied  by  infrared  spectroscopy » 

Salts  of  all  throe  cations  have  been  studied  but  they 
all  follow  the  same  pattern  and  result^  will  be  s^iven  in 
detail  for  Malachite  green  onlyo 
Anion 

slllcotungstatoo  Yields  dark  green  complexo  The  infrared 

spectrum  is  similar  to  those  of  the  ionic 
carbonium  salts  but  there  are  some  differ- 
enceso  It  is  considered  that  the  large 
cation  i®  forming  some  complex  with  the 
anion  but  the  nature  of  the  interaction 
ia  not  yet  understood o 

phosphomolybdatec  Very  similar  to  eilicotungstate  ^ 

Complex  formation D 

f luoroborate  o  '=>  Ionic  salt  formed 
perchlorate o  »  Ionic  salt  formed 

cyanide o  ^  bight  green  compound  formedo  The  infrared 

spectrum  is  closely  similar  to  that  of  the 
leuco  base  rather  than  that  of  the  chloride 
or  f luoroborate o  It  is  considered  that 
thle  ia  a  covalent  cyanide o 
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azld«,  Fortaa.tlon  of  derlvatlvaa  vMeh,  from 

thioeyanata ^ 

eyanate,  their  colours  are  probably  covalent  but 

fluorlda 

which  appear  to  Tuidergro  rapid  polymerlaa- 
tlon  and  became  sticlcy  bo  that  conslsteut 
Infrared  spectra  cannot  be  obtained <> 

From  the  present  roaults  it  is  clear  that  providing  that 
anions  of  weakly  basic  acids  are  ueed  the  dy os tuff  cations 
will  fonn  covalent  compoundoo  Further  work  is  necessary 
to  find  the  actual  detailed  conditions  required  for  covalent 
and  ionic  character o 
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Do  ¥o  Ao  Sharp  (port  time) 
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There  were  no  chang'es  in  research  policies  during  the 
period  of  this  Contract o 

Dtq  Do  Vo  Ao  Sharp  visited  the  United  States  during  the 

period  of  this  Contract  and  the  sum  of  |f400  vas  agreed 

to  be  paid  to  him  by  contract  amendment  to  enable  him  to 

visit  Bedstone  Arsenal  and  Plccatinny  Arsenal o 

2o  Beaearch  personnel  say  4000  man  hours 

-4-  200  man  hours  Dto  Sharp 
Total  4200  man  hours o 

Estimated  expenses  for  materials  ^1450 

No  important  property  has  been  acquired  during  the 

contract  period  at  direct  contract  expense o 


